The mechanisms underlying the immune defense by trophoblasts against pathogens remain ill defined. We demonstrated that placental cell death was increased upon in vivo exposure to Listeria monocytogenes. The death of infected cells is an important host innate defense mechanism. Meanwhile, double-stranded DNA (dsDNA) derived from intracellular bacteria or dsDNA viruses is emerging as a potent pathogen-associated molecular pattern recognized by host cells. We sought to characterize trophoblast death in response to cytosolic dsDNA challenge. Our results showed that dsDNA induced caspase-dependent and -independent cell death in human trophoblasts. However, necroptosis, a cell death pathway independent of caspase, could not be induced by dsDNA treatment, even in the presence of exogenously expressed RIPK3. L. monocytogenes-derived genomic DNA triggered a similar cell death pattern. Moreover, the cell death in response to dsDNA was IFI16 dependent. These data suggest that cytosolic dsDNA induces nonnecroptotic cell death in trophoblasts via IFI16, and this could contribute to placental barrier against infection.
Every year, an estimated 15 million preterm babies are born, with infection or inflammation the leading cause [1] . Placental infections compromise the health of the mother and her offspring and cause maternal and fetal morbidity and mortality. Pathogens can reach the placenta via maternal blood or by ascending the genital tract. Relatively few pathogens are capable of placental and fetal infections [2] ; those that can include some viruses, such as cytomegalovirus and lymphocytic choriomeningitis virus (LCMV), and some bacteria, such as Listeria monocytogenes and Brucella abortus. Nevertheless, it is poorly understood how the placenta restricts pathogen colonization and defends the host against infection. L. monocytogenes, an intracellular pathogen, is an important cause of maternal-fetal infections. L. monocytogenes can spread to the placenta and fetus and has served as a model organism to study the placental barrier [3] .
The placental chorionic villi are mainly constituted by trophoblasts, which form an efficient barrier to protect the fetus from maternal infection. In addition to the classic immune cells, trophoblasts have the potential to function as an active member of the innate immune system. The innate immune system evolved to recognize conserved microbial products, termed pathogen-associated molecular patterns (PAMPs). PAMPs are recognized by a set of germ-line encoded patternrecognition receptors (PRRs) [4] [5] [6] [7] . PRRs are initial sensors of infection that coordinate the innate response and therefore eliminate pathogens. Among the best-characterized PAMPs are bacterial lipopolysaccharide (LPS), peptidoglycan, and other constituents of microbial cell walls. There is growing evidence that trophoblasts are able to recognize and respond to these PAMPs through the expression of Toll-like receptors (TLRs) and Nod-like receptors (NLRs) [8] [9] [10] [11] [12] . Double-stranded DNA (dsDNA) introduced by intracellular bacteria and by dsDNA viruses during infection was identified as a potent PAMP. Immune sensing of cytosolic dsDNA has emerged as a central component of antimicrobial innate defense. While the response of trophoblasts to PAMPs such as LPS has been extensively studied, little is known about the direct effects of cytosolic dsDNA. Interestingly, the majority of pathogens that are able to cross the placenta have at least partially intracellular life cycles. Clarifying how trophoblasts respond to cytosolic dsDNA derived from intracellular bacteria or dsDNA viruses will help to understand the mechanism of placental defense.
Pathogen infection and spread depend on the fate of infected cells. In many cases, the death of infected cells is thought to be detrimental to intracellular bacteria and viruses. In these situations, pathogens frequently counteract these host-cell-death responses during the early stage of infection, to facilitate their intracellular replication [13] . The evidence of necroptosis in host defense against pathogens is mounting. Necroptosis, a regulated necrosis, refers to a caspase 8-independent death mechanism triggered by receptor-interacting protein kinase 1 (RIPK1) and RIPK3. When caspase 8 is inhibited or genetically deleted, RIPK1 and RIPK3 accumulate and become phosphorylated, leading to increased necrosome formation and, consequently, to necroptosis. Necroptosis can be induced by members of the tumor necrosis factor α (TNF-α) family (eg, TNF-α [14] [15] [16] and TNF-related apoptosis-inducing ligand [17] ), agonists of TLRs (double-stranded RNA and LPS) [18] [19] [20] [21] , interferons [22] , energy depletion [23] , ischemiareperfusion injury [24] , and UV irradiation [25] . RIPK3 also form complexes with DNA-dependent activator of interferon regulatory factor, leading to programmed necrosis mediated by murine cytomegalovirus, a dsDNA virus [26, 27] . Several other intracellular bacteria and viruses have also been shown to induce necroptosis [22, 28, 29] . However, it remains unclear whether cytosolic dsDNA can trigger necroptotic cell death.
In this study, we sought to characterize the response of trophoblasts to cytosolic dsDNA. We found that addition of poly (dA:dT), a synthetic analog of microbial dsDNA that has been used to mimic intracellular bacteria and dsDNA virus infection, induced a nonnecroptotic programmed cell death in human trophoblasts. Trophoblasts were resistant to necroptosis induction, even in the presence of exogenously expressed RIPK3. In addition, we demonstrate that trophoblast death in response to cytosolic dsDNA was dependent on IFI16.
MATERIALS AND METHODS

Reagents
Recombinant human TNF-α was purchased from Sino Biological (Beijing, China). Lipofectamine 2000, Opti-MEM, pcDNA4/ TO/myc-His vector, and z-VAD-fmk were purchased from Invitrogen (Carlsbad, CA). Poly(dA:dT) and LyoVec were purchased from InvivoGen (San Diego, CA Figure 1A and 1B). On day 4 after infection, fetus, FPU, and uterine tissue opposite the FPU were homogenized and plated for bacterial quantifications on agar plates. The fetus was colonized with a large number of bacteria. The uterus and placenta samples yielded higher CFU counts, compared with the fetus ( Figure 1C ). To determine whether L. monocytogenes infection is able to affect placental cells viability, caspase 3 and PARP cleavages in FPU were examined by Western blot. Activated caspase 3 and PARP proteins were detectable after treatment with L. monocytogenes ( Figure 1D ). The results indicated that placental cell death was increased after L. monocytogenes exposure.
dsDNA Induced Caspase-Dependent/Independent Cell Death in Human Trophoblasts
For intracellular bacteria, their nucleic acids function as PAMPs, which can be sensed within infected cells. To evaluate whether bacteria-derived DNA similarly affected cell death, trophoblasts were stimulated in vitro with poly(dA:dT), a double-stranded homopolymer with poly (dA) annealed to poly (dT) /mouse) at gestation day 13.5 and then euthanized at gestation day 16.5. Noninfected pregnant control mice were injected with saline. A, Representative uterine horns obtained on gestation day 16.5 from mice treated with saline or L. monocytogenes are shown. B, Infection-induced abortion was assessed by inspection of the uterus. A summary of 2 independent experiments with 10 mice per group is shown. C, Fetus, fetoplacental unit (FPU), and uterine tissue opposite the FPU were collected, homogenized, and plated for bacteria colony counting. Bacterial counts in organs were generated from 2 independent experiments with 10 mice per group. D, FPU homogenates that displayed the highest CFU numbers were processed for caspase 3 and PARP immunodetection by Western blot. **P < .01, compared with the control group. significant higher numbers of late apoptotic cells and necrotic cells in poly(dA:dT)-transfected cells than control cells. To further examine whether poly(dA:dT) induces caspasedependent cell death, a general caspase inhibitor, z-VADfmk, was used to inhibit caspase activity. FACS analysis indicated that z-VAD-fmk treatment reduced the incidence of poly(dA:dT)-induced cell death ( Figure 2C ). However, z-VADfmk could not completely reverse poly(dA:dT)-triggered cell death. Thus, there probably existed caspase-independent mechanism of cell death induced by poly(dA:dT) in trophoblasts.
dsDNA Induced Programmed Cell Death but Not Necroptosis in Trophoblast Cells
Necroptosis is a novel cell death pathway that is independent of caspase. It exhibits a unique signaling pathway that requires the involvement of receptor RIPK1 and RIPK3 and is negatively regulated by caspase 8 and FADD. We first characterized the expression profiles of these necroptotic signaling components in trophoblasts. All 4 human trophoblast lines-HTR-8/ SVneo, BeWo, JAR, and JEG-3 cells-constitutively expressed RIPK1, FADD, and caspase 8 messenger RNA (mRNA), as demonstrated by semiquantitative reverse-transcription polymerase chain reaction (RT-PCR; Figure 3A ). RIPK3 mRNA could be detected in all trophoblast lines, but the expression levels were very low. To confirm the expression pattern of RIPK1 and RIPK3 in human placental villous, immunohistochemical analysis of human placental explants from the first trimester was performed. In villi from the first trimester, RIPK1 and RIPK3 proteins were stained at trophoblasts ( Figure 3B ). No background staining was observed in the negative control experiments. To determine whether dsDNA promotes RIPK1 and RIPK3 activation, the gene and protein expressions of RIPK1 and RIPK3 in HTR-8/SVneo cells were examined 24 hours after transfection with poly(dA:dT). As shown in Figure 3C -E, poly(dA:dT) upregulated RIPK1 and RIPK3 mRNA and protein expression. Meanwhile, immunofluorescence was used to detect the expression and location of RIPK3 after dsDNA transfection in trophoblasts. RIPK3 had a weak diffuse cytoplasmic location in HTR-8/SVneo cells but accumulated in the nucleus upon poly(dA:dT) treatment ( Figure 3E ). In brief, the results shown in Figure 3 indicated that the necroptotic signaling components were expressed on trophoblasts and were regulated by dsDNA challenge. 6 HTR-8/SVneo cells were double stained with annexin-V-fluorescein isothiocyanate and propidium iodide after transfection and culture without or with poly(dA:dT). Representative fluorescence-activated cell sorter analysis scatterplots of trophoblasts were shown; 3 independent experiments were performed. *P < .05 and **P < .01, compared with the control group.
To identify whether necroptosis contributes to dsDNAinduced cell death, Nec-1 and NSA were used. As shown in Figure 4A , FACS analysis indicated that poly(dA:dT)-induced cell death was partially inhibited by z-VAD-fmk, however, it was hardly affected by simultaneous treatment with both Nec-1 and NSA. The effects of Nec-1 and NSA on dsDNA-induced trophoblast death were further evaluated by assays of caspase 3 and PARP cleavages ( Figure 4B ), LDH release ( Figure 4C ), and cell viability ( Figure 4D) . Consistent with the results of flow cytometric analysis, Nec-1 and NSA had no significant effect on poly(dA:dT)-induced LDH release, caspase 3 and PARP cleavage, and cell viability. Moreover, coaddition of z-VAD-fmk, Nec-1, and NSA reduced poly(dA:dT)-induced cell death to a similar extent than z-VAD-fmk alone in HTR-8/SVneo cells. Together, this indicates that dsDNA induced a mixed mode of cell death including apoptosis but not necroptosis in trophoblasts.
As shown in Figure 3 , weak expression of RIPK3 in trophoblasts was disclosed by RT-PCR, Western blotting, and immunofluorescence microscopy. To further determine whether low expression of RIPK3 in trophoblasts gives rise to the insensitivity to the necroptotic signaling, stable overexpression of RIPK3 in HTR-8/SVneo cells was established ( Figure 5A ). Overexpression of RIPK3 in HTR-8/SVneo cells did not change basal and poly(dA:dT)-stimulated caspase 3 and PARP activation ( Figure 5B ). Moreover, RIPK3 overexpression did not change the cell death pattern induced by the combination of poly(dA:dT), z-VAD-fmk, Nec-1, and NSA ( Figure 5C ); that is, RIPK3 overexpression in trophoblasts did not prime for a necroptotic induction by poly(dA:dT). Furthermore, necroptotic cell death could not be detected in RIPK3-overexpressed HTR-8/SVneo cells even if a classical necroptosis induction complex including TNF-α and z-VAD-fmk was used (Figure 5D ). Taken together, these observations suggest that the trophoblasts were resistant to necroptosis induction and that the resistance could not be due to the weak expression of RIPK3.
gDNA Derived From L. monocytogenes Induced a Cell Death Pattern Similar to That for poly(dA:dT)
To investigate whether the effect of dsDNA derived from pathogens on trophoblasts is different from that of synthetic dsDNA, Figure 3 . The key signaling molecules of necroptosis were expressed on human trophoblasts and regulated by double-stranded DNA challenge. A, Total RNAs were extracted from human trophoblast lines HTR-8/SVneo, BeWo, JAR, and JEG-3. Levels of RIPK1, RIPK3, caspase 8, and FADD messenger RNA (mRNA) expression were determined by semiquantitative reverse-transcription polymerase chain reaction (RT-PCR). GAPDH was used as an internal control. B, Immunohistochemical staining of RIPK1 and RIPK3 was performed on formalin-fixed, paraffin-embedded 10-µm sections of placental villi obtained during the first trimester. A negative control was created by replacing the primary antibody with normal goat serum or immunoglobulin G from the host species of the primary antibody. C, HTR-8/SVneo cells were treated with 1 μg/mL poly(dA:dT) complexed with LyoVec or with the corresponding amount LyoVec for 24 hours and 48 hours. Levels of RIPK1 and RIPK3 mRNA expression were determined by semiquantitative RT-PCR. D, HTR-8/SVneo cells were treated with 1 μg/mL poly(dA:dT) complexed with LyoVec or with the corresponding amount LyoVec for 24 hours. Cell lysates were prepared and subjected to Western blot analysis for evaluation RIPK1 and RIPK3 proteins. β-tubulin protein was used as a loading control. E, Immunofluorescence staining for RIPK3 was performed on HTR-8/SVneo cells after poly(dA:dT) treatment. Three independent experiments were performed. gDNA of L. monocytogenes was prepared using a commercial gDNA purification kit. Typical photomicrographs of HTR-8/ SVneo cells were taken with a phase-contrast microscope after 24 hours of culture with different concentrations of gDNA. As shown in Figure 6A , gDNA derived from L. monocytogenes increased cell death. Furthermore, bacterial gDNA promoted PARP cleavage in a dose-dependent manner ( Figure 6B ). L. monocytogenes gDNA-induced cell death was also evaluated by assay of LDH leakage from HTR-8/SVneo cells. As shown in Figure 6C , L. monocytogenes gDNA significantly increased the level of LDH leakage. Furthermore, the induction was inhibited by z-VAD-fmk but not by Nec-1 and NSA. These observations suggested that gDNA derived from L. monocytogenes induced nonnecroptotic programmed cell death similarly to synthetic dsDNA.
Trophoblast Cell Death in Response to Cytosolic dsDNA Was Dependent on IFI16
AIM2 and IFI16 have been identified as innate immune sensors for cytosolic dsDNA [30, 31] . To determine whether AIM2 or IFI16 was involved in dsDNA-induced HTR-8/SVneo trophoblast death, the expression of each protein was efficiently suppressed through transfection of specific siRNAs ( Figure 7A ). Cell death was determined by FACS analysis with annexin V staining. Knockdown of AIM2 with siRNA did not significantly affect poly(dA:dT)-induced cell death. However, cell death induced by poly(dA:dT) was inhibited in the IFI16-knockdown trophoblasts, compared with the control (17% vs 10%; P < .05; Figure 7B ). Furthermore, caspase 3 and PARP activation after poly(dA:dT) treatment was inhibited by the knockdown of IFI16 but not by the knockdown of AIM2 ( Figure 7C ). Taken together, cytosolic dsDNA induced IFI16-dependent but AIM2-independent apoptosis of human trophoblasts.
DISCUSSION
Placental infection can lead to adverse pregnancy outcomes, including maternal and fetal morbidity and mortality. Pathogens that are able to cross the maternal-fetal barrier typically have life cycles inside host cells [3] . L. monocytogenes, an intracellular bacterium, can cause severe infections, particularly in immunocompromised patients, pregnant mothers, and perinatal infants. It is known that L. monocytogenes exposure during pregnancy can result in preterm delivery and neonatal illness. Consistently, our results showed that maternal exposure to L. monocytogenes in pregnant mice resulted abortion. Moreover, L. monocytogenes localized in the placenta and breached the placental barrier to infect the fetus. This suggested that L. monocytogenes was suitable for the research of trophoblasts' defense to pathogen infection.
Host cell death is an intrinsic immune defense mechanism in response to microbial infection [13] . Our result showed that placental cell death was induced by L. monocytogenes challenge both in vivo and in vitro (Supplementary Figure 1) . And after cell death of trophoblasts was inhibited by z-VAD-fmk, intracellular survival of L. monocytogenes significantly increased (Supplementary Figure 2 ). After sensing PAMPs, trophoblasts initiate innate immune responses, including cytokine production and cell death, to counteract infection. For intracellular bacteria, their gDNA has emerged as a PAMP. However, the response of trophoblasts to cytosolic dsDNA derived from intracellular bacteria or dsDNA viruses remains unknown. We hypothesized that trophoblasts might sense cytosolic dsDNA. Our results showed that this is the case and that trophoblasts can respond to L. monocytogenes-derived gDNA and synthetic dsDNA. Moreover, our results demonstrate that dsDNA induced caspase-dependent and -independent cell death, which could be partially reversed by administration of a caspase inhibitor. We also wondered whether additional signals help trigger necroptosis after bacterial gDNA challenge. We found that IFN-γ and LPS could not cooperate with gDNA to induce necroptosis in trophoblasts (Supplementary Figure 3) . Furthermore, caspase inhibitor prevented live L. monocytogenesinduced cell death, while Nec-1 and NSA had no significant effects (Supplementary Figure 1) . Figure 5 . RIPK3 overexpression did not facilitate for poly(dA:dT) to induce HTR-8/SVneo cell death. A, The human RIPK3 open reading frame (ORF) was amplified from THP-1 cells. Amplified product was then cloned into the mammalian expression vector to construct pcDNA4-RIPK3. HTR-8/SVneo cells were transfected with pcDNA4-RIPK3 or empty vector by using Lipofectamine 2000 and were selected with Zeocin. Ten days after transfection, overexpression of RIPK3 in HTR-8/SVneo cells was determined by semiquantitative reverse-transcription polymerase chain reaction (PCR). GAPDH was used as an internal control. Overexpression of RIPK3 was also confirmed by Western blotting for the c-Myc tag. β-tubulin protein was used as loading controls. B, pcDNA4-RIPK3 or empty-vector-transfected HTR-8/SVneo cells were treated with 5 μg/mL poly(dA:dT)/LyoVec complex for 24 hours. Cell lysates were prepared and subjected to Western blot analysis for assay of caspase 3 and PARP proteins. β-tubulin protein was used as a loading control. C, pcDNA4-RIPK3 or emptyvector-transfected HTR-8/SVneo cells were treated for 24 hours with 5 μg/mL poly(dA:dT)/LyoVec complex in the presence or absence of z-VAD-fmk, Nec-1, and NSA. The cell viability was determined by MTT assay. D, pcDNA4-RIPK3 or empty-vector-transfected HTR-8/SVneo cells were treated for 24 hours with 25 μg/mL tumor necrosis factor α (TNF-α) in the presence or absence of z-VAD-fmk and Nec-1. Cell viability was determined by MTT assay. Data represent 5 independent experiments and are presented as means ± standard error of the mean.
Knowledge of the signaling mechanisms of necroptosis or programmed necrosis, also known as caspase-independent cell death, is increasing. Necrosis can be triggered by stimulating death receptors with TNF-α or other agonists. It has been shown that stimulation of TLR3 by poly(I:C) or TLR4 by LPS in combination with caspase inhibition leads to necroptosis of macrophages and fibroblasts [18] [19] [20] [21] . However, it is still unknown whether cytosolic dsDNA can induce necroptotic cell death. Our results showed that cytosolic dsDNA treatment did not trigger necroptosis of trophoblasts, although necroptotic signaling components such as RIPK1 and RIPK3 were expressed on trophoblasts.
Both RIPK1 and RIPK3 are required for necroptosis initiation, but necroptosis can also occur in the absence of RIPK1 [31, 32] . RIPK3 plays a more important role in driving necroptosis, acting as a molecular switch between apoptosis and necroptosis [14, 33] . It has been suggested that the level of RIPK3 expression is an important contributor to the outcome of cell death. RIPK3 expression depends on the cell type. Hence, only limited types of cells with strong RIPK3 expression undergo necroptosis under normal conditions. During pathological conditions, enhanced RIPK3 expression could facilitate necroptotic cell death [34] . This finding was confirmed by the effect of RIPK3 overexpression on TNF-α-induced death of murine embryonic fibroblasts. An elevated level of RIPK3 alone is not sufficient to cause cell death, but it can sensitize murine embryonic fibroblasts to be killed by TNF-α [31] . We observed weak expression of RIPK3 in several human trophoblast lines. We initially wondered whether the weak RIPK3 expression might be responsible for the invulnerability of trophoblasts to necroptotic signaling. Consistent with the previous report, overexpression of RIPK3 alone was insufficient to cause the death of HTR-8/ SVneo cells. However, RIPK3-overexpressing HTR-8/SVneo cells did not display necroptosis upon addition of dsDNA or TNF-α in the presence or absence of z-VAD-fmk. We also found that dsDNA treatment significantly enhanced RIPK3 expression on trophoblasts. Thus, these findings suggested that the invulnerability of trophoblasts to necroptosis induction could not be due to the weak expression of RIPK3.
Although we do not know the precise mechanism underlying the resistance of trophoblasts to necroptosis induction, it is possible that the resistance acts as a host defense mechanism to protect the host from damage signaling. Necroptosis can lead to the loss of plasma membrane integrity and the release of intracellular content. These endogenous contents act as damageassociated molecular patterns (DAMPs), not only inducing a proinflammatory response but also sensitizing PRRs to PAMPs, and lead to exacerbation of infectious diseases. The induction of necroptosis in skin [35] , intestine [36] , ischemia reperfusion injury [37] , and acute pancreatitis [38] provokes a strong inflammatory response, which might be triggered by the release of DAMPs from necroptotic cells, showing the detrimental side of necroptosis [39, 40] . However, it is often stated that apoptosis does not provoke inflammation. Morphologically, apoptotic cells initially maintain plasma membrane integrity and do not rapidly release their intracellular contents. Before apoptotic cells disintegrate, they are usually ingested by resident phagocytes. Moreover, phagocytosis of apoptotic cells stimulates the production of interleukin 10 and transforming growth factor β, which inhibit inflammation [41] [42] [43] [44] . Thus, it is reasonable that the invulnerability of trophoblasts to necroptosis induction contributes to the placental barrier against PAMPs.
The innate immune response to pathogen infection is initiated by the recognition of pathogen-derived components through PRRs. AIM2 and IFI16 have been identified as cytosolic dsDNA receptors that induce inflammasome formation and interferon production, respectively [30, 45] . Both proteins belong to the PYHIN family, which contains an amino-terminal pyrin domain. Recent studies showed that the pyrin domain directly affects cell death. NLRP3 and ASC, which are pyrin-domaincontaining proteins, can form inflammasomes to regulate innate immune responses. Elsewhere it was found that NLRP3 not only mediates pyroptosis, a cell death program after inflammasome activation, but also promotes programmed necrotic cell death dependent on ASC [46] . The AIM2 inflammasome also activates caspase 8 and 1, leading to both pyroptosis and apoptosis [47] . IFI16 also has been implicated in apoptosis through regulating p53-mediated signaling pathway [48, 49] . In this study, we show that the knockdown of IFI16 but not of AIM2 inhibits poly(dA:dT)-induced trophoblast death. Caspase 3 and PARP activations after poly(dA:dT) treatment were apparently blocked by the knockdown of IFI16, but not AIM2. It suggests that cytosolic dsDNA induced IFI16-dependent but AIM2-independent trophoblast death. During infection, apoptosis also acts as a backup mechanism to clear pathogens. Although the in vivo roles of IFI16 play in bacterial infection during pregnancy remains unknown, it is possible that IFI16 might promote infected-cell death to exert antibacterial immune responses.
In summary, the trophoblasts responded to cytosolic dsDNA with increased caspase-dependent and -independent cell death but were resistant to necroptosis induction. In contrast to apoptosis, which often provides beneficial effects to the organism, necrosis is almost always detrimental. It is possible that both the apoptosis response and the resistance to necroptosis induction act as the innate defense strategies used by trophoblasts to defend against infection and avoid excessive inflammation. In addition, we demonstrate that trophoblast death in response to cytosolic dsDNA was dependent on IFI16. Therefore, IFI16 acts as an important receptor in trophoblasts to sense pathogenic dsDNA. These results help provide some insights into the placental barrier against infection.
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Supplementary materials are available at The Journal of Infectious Diseases online (http://jid.oxfordjournals.org). Supplementary materials consist of Figure 7 . Synthetic double-stranded DNA (dsDNA) induced IFI16-dependent but AIM2-independent cell death of human trophoblasts. A, HTR-8/SVneo cells were collected after small interfering RNA (siRNA) transfection and 5 μg/mL poly(dA:dT)/LyoVec treatment. AIM2 and IFI16 protein expression were analyzed by Western blotting on cell lysates. B, HTR-8/SVneo cells transfected with the indicated siRNA or with scramble control duplex were cultured with 5 μg/mL poly(dA:dT)/LyoVec complex or with the corresponding amount of LyoVec for 24 hours. Representative fluorescence-activated cell sorter scatterplots of trophoblasts are shown; 3 independent experiments were performed. C, HTR-8/SVneo cells were treated with 5 μg/mL poly(dA:dT)/LyoVec complex or with the corresponding amount of LyoVec for 24 hours after siRNA transfection. Caspase 3 and PARP activity were detected by Western blotting using PARP-specific antibody. β-tubulin protein was used as a loading control.
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